INTRODUCTION
Enterprise data is an amalgam of mostly semistructured and unstructured data and documents stored in heterogeneous systems. The available structure is often not readily apparent or modeled to be useful. Formats such as PDF, DWG, Excel, or Word offer a high grade of flexibility; the issue is rather that their freeform content does not divulge its structure and meaning. In the case of binary formats as used in CAD or simulation tools, even basic textual content may be missing. Structured metadata is only sometimes available.
When taking a step back, we see a challenging quality issue based not on individual documents, but on the whole corpus of enterprise documents. Our specific background is an engineering setting with large sets of documents from whole development and manufacturing lifecycles.
1 An individual document is of limited use; the organizational knowledge is distributed throughout many separate documents and entities. In some cases, it is easy to find, but in other cases, heterogenous documents all over the organization make up the knowledge of, for example, how to build a complex processing plant. For such complex retrieval tasks, different types of relations between documents and their entities have to be identified, such as same author, same or similar parts, part of same project, subpart or subproject, predecessor, precondition, clarifications, updates, vendor lists, financial or structural relations, similar tasks in previous projects, and many more [Ahlers and Mehrpoor 2014] . Authors' addresses: D. Ahlers and J. Krogstie, Sem Saelandsvei 7-9, 7491 Trondheim, Norway; emails: {dirk.ahlers, john.krogstie}@idi.ntnu.no. Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies show this notice on the first page or initial screen of a display along with the full citation. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, to republish, to post on servers, to redistribute to lists, or to use any component of this work in other works requires prior specific permission and/or a fee. Permissions may be requested from Publications Dept., ACM, Inc., 2 Penn Plaza, Suite 701, New York, NY 10121-0701 USA, fax +1 ( In such settings, document integration and interlinking issues in the whole heterogeneous corpus pose the largest challenge in identifying these higher-order applicationdriven relations. We propose a new quality metric to handle this challenge.
RESEARCH DIRECTIONS
Document linkage can be understood as data integration [Martin et al. 2014] on an enterprise corpus level. Drawing connections between documents makes the corpus much more valuable, as discussed earlier. Currently, documents can be overlayed with extracted entities or annotated to terms [Barczyński et al. 2010] , and semantic relations based on entity occurrence [Peukert et al. 2015] can be used to generate typed links between documents. After deriving semantics from documents, a logical next step is deriving semantics from unstructured corpora. This is where the aforementioned taskand project-based higher-order relations can be derived.
To better understand this challenge, we propose a new measure, linkability, as a joint quality measure of a corpus and its documents to be semantically linkable to each other, based on specific use cases. Linkability can be understood as an extension of other quality indicators. Document quality is often modeled as an intrinsic measure. In the corpus case, it has to be extended with extrinsic features such as searchability, findability, and retrievability [Azzopardi and Vinay 2008] , with a focus toward connectivity and graph-based exploration and navigation along semantic relations. This is related to quality features [Krogstie 2013 ] of semantic quality such as completeness, correctness, consistency, and accuracy, as well as deontic quality, concerning the fitness for use cases.
For example, given a system of linking algorithms, knowledge bases, and ontologies, the missing factor is the quality of the corpus itself in this system. A corpus invariably is heterogeneous, both in terms of document formats and in terms of depth and granularity of content and annotations. For linkability, high quality would mean documents that have a rich accessible content that can be linked on entity and also higher-order levels to support complex retrieval tasks. For example, structured textual documents are easier to process than 3D data. However, if the corpus (or parts of it) are stored in a DMS or DBMS, metadata such as author names, titles, project names, and so forth can raise the quality of these documents and thus of the corpus.
The challenge requires moving from data to documents (which might contain extractable data or entities), and further to corpora, viewing them as a graph-based collection, and then to find and refine meaningful quality metrics for the corpus that will subsequently feed into the methods for generation of complex higher-order relationships. We aim to formally link this research to document and corpus quality issues and applications in the enterprise domain. This challenge occurs in any organization with large amounts of heterogenous documents, not only the engineering context we used as a starting point, similar to the variability issue in big data. Solving it will enable better understanding and utilizations of organizations' hidden knowledge.
Thus, there is a strong need to define the quality of a corpus based on the quality of its constituent documents and the quality of their semantic connections.
